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The present invention relates to method of fabricating a wafer level optical lens assembly, comprising:
providing a wafer substrate having a plurality of lens shapes arranged side by side;

providing a spacer substrate having a plurality of spacer posts;

applying a first polymer liquid on a specific location chosen from the group of positions located on said
wafer substrate between said plurality of lens shapes and positions located on the contact surface of said
spacer posts, or a combination thereof;

contacting said wafer substrate with said spacer substrate such that said spacer posts force said first
polymer liquid to flow towards said plurality of lens shapes arranged side by side;

curing said first polymer liquid;

applying a second polymer liquid onto said plurality of lens shapes of said wafer substrate;

curing said second polymer liquid to form a lens.

Method of fabricating a wafer level optical lens assembly.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift wijkt af van de oorspronkelijk ingediende stukken. Alle ingediende stukken
kunnen bij Octrooicentrum Nederland worden ingezien.
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Title: Method of fabricating a wafer level optical lens assembly.

The present invention relates to a method of fabricating a wafer
level optical lens substrate. In addition, the present invention relates to lenses
obtained according to such a method, especially wafer level optical integral lens
supports and to devices incorporating such lenses. More in detail, the present
invention relates to a method of fabricating full polymer lenses with integrated light
blocking side walls.

Compact camera modules have become a standard component in
mobile devices such as mobile phones, tablets, hand held game computers, and
note books. A camera module consists of PCB board, an imaging sensor module and
a lens module. The lens module consists of a lens assembly and a housing shielding
it from unwanted light and environmental influences. The housing may also be
shared with the housing of the complete camera module. The outer contours of a
compact camera module are in many cases designed as drop-in component into
mobile devices. Lens modules can also be incorporated into an illumination module,
which illumination module further comprises a light source, such as a LED. Wafer
level optical lens modules are consequently utilized in camera modules of cellular
phones, for example.

The mass volume requirements together with the increasing drive
for reducing costs triggered the development of wafer level based methods for
producing and packaging the camera modules and related image sensor and optics.

The aim of packaging is to integrate the several optical, mechanical,
environmental and electronic functions of a compact camera module and a lens
module. For this purpose, size reduction in all directions is an important issue. This
includes reduction in height (shortening van the optical path of the lens module) and
in reduction of the foot print and the pitch of the components on a wafer. For
instance, elimination of glass substrates contributes to lower height and costs. Foot
print reduction is realized through wafer level integration light transmitting optical
structures with light blocking structures such as partition walls and housings. The
need for integrating partition walls originates from the fast growing market of array

camera’s and optical sensors.



10

15

20

25

30

2

The functional elements consist of an optical active element such as
LED or VCSEL light source or a CMOS or CCD image capturing device, the imaging
lenses together with optical functions such as IR filters, AR coats and light blocking
structures such as baffles etc. In most cases, micro lenses and color filters are
positioned on the image sensor surface.

The lens elements are usually formed by injection moulding or glass
pressing. Integrated lens stacks relating to lens assemblies based on wafer level
manufacturing have been disclosed in WO02004027880. In this process, lens
elements, spacers and other optical functions are manufactured at the wafer level.
After singulation (i.e. separation of the wafer into individual modules) integrated lens
modules are obtained.

Wafer level manufacturing of opto-electronic components in general
assumes a wafer to wafer assembly of the optics wafer with the image sensor wafer.
The aim is to reduce costs through maximizing the simultaneous processing of
components followed by a singulation, usually dicing step. This assumption is based
on the very high yields using state-of-art manufacturing front end processes for
electronic components on silicon wafers. These processes benefit from a decades
track record of process development using silicon as a substrate. However, the
processes for manufacturing optical components on wafer level are based on
different materials (glass, polymer) and processes (injection moulding, UV, thermal
replication, glass pressing). In addition, refractive optical structures require extreme,
i.e. high, shape accuracies with comparably high aspect ratios. So, in many cases,
the yield involving manufacturing of optics on wafer level is lower than may be
obtainable for electronic components. As a result an image sensor module wafer with
good yield may be assembled on an optical wafer with a lower yield .

US 2013/003199 relates to a method of manufacturing a lens unit,
the method comprising: preparing a preliminary lens array substrate including an
opening for exposing a lens region where a lens part is formed; placing the
preliminary lens array substrate at an inside of a mold; forming the lens part in the
opening by injecting a resin material into the inside of the mold such that the opening
is filled with the resin material and curing the resin material;, and cutting the
preliminary lens array substrate. The first lens unit includes a first lens part and a
first support part, wherein the first lens part has a curved region having a

predetermined curvature and a flat region extending in the lateral direction from the
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curved region. A first support part is disposed around the first lens part and the first
support part has a hole in which the first lens part is installed such that the first lens
part can be attached to a lateral side of the hole wherein a lateral side of the first
lens part may adhere to the inner wall of the hole, especially the lateral side of the
first lens part may be integrally formed with the inner wall of the hole.

US 2011/211105 relates to a lens array, comprising: a substrate in
which a plurality of through holes are formed; and a plurality of lenses provided in
the substrate by burying the plurality of through holes, wherein a part of the through
hole is different in at least one of sectional shape and opening area of the through
hole, which are taken in parallel with a surface of the substrate, from another part of
the through hole in a depth direction.

US 2011/222171 relates to a method of forming an optics block,
comprising: providing a substrate having first and second opposing surfaces, the
substrate being a first material and having a plurality of through holes extending in
the substrate between the first and second opposing surfaces; providing a second
material, different than the first material, filling a portion of the through holes and
extending on a portion of the first surface of the substrate outside the through holes;
and replicating a first lens structure in the second material and corresponding to
each of the through holes.

WQO2010/050290 relates to a wafer lens manufacturing method for
manufacturing a wafer lens provided with convex lens portions on a glass substrate
by curing resin between a glass substrate and a resin mold in which concave cavities
are formed

US2011096213 relates to method for manufacturing a wafer-shaped
optical apparatus with a base material substrate as a framework and a resin optical
element section being molded at a hole of the base material substrate, the method
comprising: a hole forming step of forming one or a plurality of holes in the base
material substrate; a pressing step of putting an optical element resin and the base
material substrate between optical element lower and upper metal molds formed to
correspond to the hole, to mold at least the optical element section; and a resin
curing step of curing the resin using heat or light. In addition this US2011096213
provides a lens module including a glass substrate as a base material (framework)
with a plurality of holes formed therein, a resin lens formed to correspond to each of

the plurality of holes, and a peripheral resin section made with the same resin
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material as the resin lens and formed on upper and lower surfaces of the glass
substrate in the periphery of the resin lens. The present inventors are of the opinion
that no light leakage through the bottom side is allowed when mounting the optical
component on a device (e.g. LED emitter). Transparent materials and/or bubbles can
cause light leakage. In addition trapped air bubbles cause poor adhesion and
delamination resulting from pop corning during heat treatment. Thus light blocking
must be guaranteed over the entire wall below the bottom lens surface.

US2011222173 relates to a method of fabricating a wafer level
optical lens substrate, comprising: providing a substrate; forming at least one
through hole on the substrate and forming a flange on a side wall in each through
hole; and forming a lens on the flange in each through hole and embedding the lens
with the flange.

US2009022949 relates to a process for producing a functional-
element-mounted module, comprising the steps of disposing a substrate having
mounted thereon a functional element having a mounting portion and a resin sealing
plate formed therein with an opening corresponding in position to the functional
portion of the functional element as opposed to each other at a predetermined
distance; and impregnating and filling a sealing resin between the substrate and the
resin sealing plate utilizing a capillary phenomenon.

In addition, when assembling a lens module upon the image sensor
module, the distance between the bottom optical surface of the lens module and the
image plane has to be very accurately controlled. This can be performed through
active alignment assembly methods, wherein the image is projected on an image
sensor and the quality of the resulting focal position is measured. According to the
result, the lens module is vertically displaced to a position where an optimal image
quality is obtained. The whole procedure of measuring and adjusting is time
consuming and requires expensive assembly with in line focus length measurement.

From U.S. Pat. No. 3,532,038 there is known an optical system in
which a transparent base member is provided with lenticular lens cavities, which
cavities are filled with a refractive fluid, the surface of which fluid is covered with a
cover member. The cover member is provided with an aperture plate, on which
finally a second base member is present, which is also provided with lenticular lens

cavities, which cavities are likewise filled with a refractive fluid.
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From US 2004/0100700 there is known a method of manufacturing a
micro lens array, wherein the cavities in a mould are filled with a UV curable resin,
whilst the resin outside the cavities is removed by placing a transparent quartz board
on top of the mould. The fluid present in the cavities is then formed into a plurality of
separate lenses, whereupon a second UV curable resin layer is applied to the
transparent board, which resin layer is cured by making use of the already formed
separate lenses. The excess amount of the cured second resin layer is removed by
using an organic solvent. Only one layer of replicated lenses is mentioned in the
document, which lenses are separately arranged and do not exhibit any
interconnection.

From International application WO 03/069740 in the name of the
present inventor there is also known a replication process by which an optical
element is formed.

W02012100356 relates to a method for manufacturing a plurality of
optical devices, comprising the steps of. providing a replication tool, the replication
tool comprising a replication surface defining an array of replication cells, each
replication cell comprising a lens replication portion and a spacer replication portion,
bringing the replication tool and a support in contact with each other with replication
material between the replication surface and the support; causing the replication
material to harden, wherein, during the step of causing the replication material to
harden, the lens replication sections are caused to be kept at a distance from the
support.

From the above state of the art there are thus known methods by
which optical systems are obtained which are made up of separately manufactured
optical elements, as a result of which the dimensions of such systems may be
considered to be large. In addition, the positional accuracy, viz. in the X, Y and Z
directions (between the lens surfaces) of such systems may be called critical.

The method of replicating of lenses within the apertures of a spacer
wafer has an effect on the height, but still requires a tight tolerance of the stiff
substrate used. In addition, the control of the shape of the lenses is somewhat
difficult, especially the risk of the formation of bubbles, and/or a multistage process
is required, comprising steps of, inter alia, filling holes with polymer, curing thereof,

flattening of filled spacer wafer and replicating lenses on the filled holes.
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Thus it is an object of the present invention to provide a method for
manufacturing an optical unit in which the desired dimensional precision of the lens
system can be achieved without the dimensions of the optical unit increasing
undesirably.

Another object of the present invention is to provide a lens
assembly, in which well defined lens shapes are present.

Thus it is an object of the present invention to provide a method for
manufacturing full polymer lenses with integrated light blocking side walls.

The method according to the present invention relates to a method
of fabricating a wafer level optical lens assembly, comprising:

providing a wafer substrate having a plurality of lens shapes
arranged side by side;

providing a spacer substrate having a plurality of spacer posts;

applying a first polymer liquid on a specific location chosen from the
group of positions located on the wafer substrate between the plurality of lens
shapes and positions located on the contact surface of the spacer posts, or a
combination thereof ;

contacting the wafer substrate with the spacer substrate such that
the spacer posts force the first polymer liquid to flow towards the plurality of lens
shapes arranged side by side;

curing the first polymer liquid;

applying a second polymer liquid onto the plurality of lens shapes of
the wafer substrate;

curing the second polymer liquid to form a lens.

The present method enables the manufacturing of full polymer
lenses with integrated light blocking side walls. The present inventors found that for
ensuring an air bubble free layer of first liquid polymer it is preferred to obtain a full
coating of at least the contact surface of spacer posts present on a spacer substrate.
The first polymer liquid should not preferably coat the optical surface of the lens
shapes. The space along the sides of the spacer posts act as an overflow zone. The
distribution of the first polymer liquid is mainly driven by capillary forces since the
area between the contact surface of the spacer posts and the wafer substrate is
small. Thus, the driving force that causes filling of the smallest gaps or slits between

the contact surface of the spacer posts and the wafer substrate is capillary action.
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According to the present method the first polymer liquid can be
applied on the free surface of the wafer substrate only, i.e. on the locations between
the plurality of lens shapes. According to another embodiment it is also possible to
apply the first polymer liquid on the contact surface of the spacer posts only. It is
also possible to apply first polymer liquid on both the locations between the plurality
of lens shapes and on the contact surface of the spacer posts. The function of the
first polymer liquid is to wet the contact surface of the spacer posts, i.e. to provide,
i.e. to surround or embed the outer ends of the spacer posts with first polymer liquid.
It is preferred that the first polymer has a light-shielding or a light-absorbing function,
for example with the aid of special fillers, pigments and dyes. The specific location of
the first polymer liquid around the outer ends of the spacer posts thus prevents
surrounding light from entering the light path of the rays through the final lens
structure. In addition the amount of first polymer liquid is chosen such that the
volume between the lens shapes located on the wafer substrate and the outer ends
of the spacer posts is filled with first polymer liquid, without covering the lens shapes
itself. More in detail, only the outer edges of the lens shapes are in contact with the
first polymer liquid.

The spacer substrate is designed such that the position of the
spacer posts match with the locations on the wafer substrate between the lens
shapes. In other words, the spacer posts are in alignment with the locations on the
wafer substrate between the lens shapes.

The step of contacting the wafer substrate with the spacer substrate
is carried out such that the spacer posts of the spacer substrate force the first
polymer liquid to flow towards the plurality of lens shapes arranged side by side. The
final distance between the wafer substrate and the spacer substrate at the end of the
contacting step is such that the first polymer liquid is still present in a small area, that
is a slit filled with first polymer liquid.

The afore-mentioned wafer can have a circular shape, but
rectangular or square type wafers can be used as well. The lens shapes can be
regularly spaced on the wafer substrate, in an equidistant space, but the lens shapes
can be placed randomly on the wafer substrate as well. In addition the shape and/or

the dimension of the lens shapes are not restricted to a particular shape or size.
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According to a preferred embodiment the present method further
comprises applying a third polymer liquid onto the already cured second polymer
liquid and curing the third polymer liquid.

It is furthermore preferred to level or flatten the third polymer liquid
before curing the third polymer liquid.

Since the third polymer thus cured posses a flat and even surface it
is possible to replicate a plurality of lenses on the surface of the already cured third
polymer liquid.

According to a preferred embodiment the present method further
comprises positioning a transparent substrate on the surface of the already cured
third polymer liquid and replicating a plurality of lenses on the transparent substrate.

In the present method the step of contacting the wafer substrate
with the spacer substrate is preferably carried such that the first polymer liquid is
present between the spacer posts and the wafer substrate.

The step of contacting the wafer substrate with the spacer substrate
is preferably carried such that the first polymer liquid does not cover the outer
peripheral lens surfaces of the plurality of lens shapes.

According to a preferred embodiment the present method further
comprises applying an additional structure onto the surface of the plurality of lens
shapes of the wafer substrate, wherein the additional structure is chosen from the
group of aperture, diaphragm and filter, before applying the first polymer liquid
and/or the second polymer liquid.

The step of applying the additional structure layer is preferably
carried out by a coating step, a step of screen printing, ink jet printing or a step of 3
D printing.

The present method further comprises a step of singulating the
assembly of spacer substrate and cured polymer liquids into single or plural lens
carrier systems.

The curing of any polymer liquid is carried out by irradiating with UV
and/or by thermal exposure, dependent on the type of polymer used. In another
embodiment chemically curing polymers, so called two component systems, are
preferred.

The present method further relates to a wafer level optical integral

lens support, comprising:
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a support, having at least one through hole and

at least one lens, made from a cured second polymer, each located
within each through hole and embedded therein, wherein the outer ends of the
support are covered by a cured first polymer.

The range of index (n) and Abbe properties of the first cured
polymer and the second cured polymer may be equal or different.

In the wafer level optical integral lens support according to the
present invention the support is preferably made of a light-shielding material or a
light-absorbing material. In addition, it is preferred that the first polymer also has a
light-shielding or a light-absorbing function, for example with the aid of special fillers,
pigments and dyes.

In a preferred embodiment of the present wafer level optical integral
lens support at least one lens comprises an additional structure chosen from the
group of aperture, diaphragm and filter.

The shape of at least one lens in the present wafer level optical
integral lens support is preferably chosen from the group of flat, convex, concave,
freeform optic, microfluidic, refractive, diffractive, micro lens array and Fresnel.

In the case of the application of two polymer liquids, such as a first
polymer liquid and a second polymer liquid, surface mixing of the polymer liquids is
not desirable. It is therefore preferred to cure the first polymer liquid before applying
the second polymer liquid. In such an embodiment the first polymer liquid is in a
somewhat cured state. It is also possible to carry out an initial cure of the first
polymer liquid and to carry out a final curing step after the contacting step to obtain
fully cured polymers. However, for using the capillary forces in an optimum way the
polymer liquid must be able to flow in a somewhat “free fashion”.

According to a preferred embodiment of the present method the step
of contacting the wafer substrate with the spacer substrate is carried such that the
plurality of locations between the lens shapes present on the wafer substrate are in
alignment with the plurality of spacer posts present on the spacer substrate. This
specific arrangement of both the lens shapes and the spacer posts enables a good
formation of the first polymer around the outer ends of the spacer posts.

For obtaining an exact positioning in the XY + Z direction it is

preferred that at least one of the wafer substrate and spacer substrate is provided
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with additional spacer members for contacting and positioning to a preset distance
between wafer substrate and spacer substrate.

The present method further comprises singulating the assembly of
lenses and spacer structure into single or plural lens carrier systems. Such a step
can be carried out through dicing, or even punching, e.g. round fixtures.

The side walls of the spacer posts preferably have a parabolic
shape, especially the side walls of the spacer posts are provided with a reflective
layer, antireflective layer and/or antireflective structure.

The polymers are preferably chosen from the group of UV curable
polymers, preferably epoxy, acrylic and nylon type polymers. The polymer material
for the first polymer liquid can be different from the polymer material for the second
polymer liquid and the third polymer. Examples are Huntsman Araldite CW 5730N /
Aradur HY 573, Huntsman Araldite CW 5742 / Aradur HY 5726, Micro resist
OrmoComp, Asahi Kasei World Rock 5500 series, and Masterbond UV15LV.

According to the present method very thin lens structures, i.e. a
thickness even down to 50 micron, can be manufactured. In addition, it is also
possible to be integrated within this thin structure filters and diaphragms. Moreover,
plural lens layers with different optical properties can be integrated within this thin
structure. In addition, the thin lens manufactured according to the present method is
embedded in thicker structure resulting in a robust construction. And the surrounding
spacer obtained from the third polymer can also be used as a fixture for drop-in in
optical assembilies.

It is preferred that at least one lens comprises a first cured polymer
and a second cured polymer, wherein the range of index (n) and Abbe properties of
the first cured polymer and a second cured polymer are different, especially that the
support is made of a light-shielding material or a light-absorbing material.

In a preferred embodiment of a wafer level optical integral lens the
at least one lens comprises an additional structure chosen from the group of
aperture, diaphragm and filter.

The shape of the at least one lens in the present wafer level optical
integral lens support is preferably chosen from the group of flat, convex, concave,
freeform optic, microfluidic, refractive, diffractive, micro lens array and Fresnel.

In order to make the aforementioned and other features and

advantages of the invention more comprehensible, several embodiments
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accompanied with drawings are described in detail below. The accompanying
drawings are included to provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification. The drawings illustrate
embodiments of the invention and, together with the description, serve to explain the
principles of the invention.

Fig 1 shows an embodiment of the present method.

Fig 2 shows another embodiment of the preset method.

Fig 3 shows an embodiment of the present method.

Fig 4 shows another embodiment of the preset method.

Fig 5 shows an embodiment of the present method.

Fig 6 shows another embodiment of the preset method.

Fig 7 shows an embodiment of the present method.

Fig 8 shows another embodiment of the preset method.

Fig 9 shows an embodiment of the present method.

Fig 10 shows another embodiment of the preset method.

Fig 11 shows an embodiment of the present method.

Fig 12 shows another embodiment of the preset method.

Fig 13 shows an embodiment of the present method.

Fig 14 shows another embodiment of the preset method.

Fig 15 shows an embodiment of the present method.

Fig 16 shows another embodiment of the present method.

Fig 17 shows another embodiment of the present method.

Fig 18 shows an embodiment of the present method.

Fig 19 shows another embodiment of the present method.

Fig 20 shows another embodiment of the present method.

Fig 21 shows another embodiment of the present method.

Fig 1 shows a schematic front view of a wafer 100 comprising a
wafer support 1 provided with a plurality of lens shapes 2, 4 on one side thereof.
Lens shapes 2, 4 can posses any shape. Between lens shapes 2, 4 there are
locations 3 on the surface the wafer support 1. The outer surface 5 of lens shapes 2,
4 can be provided with a structure. From legibility perspective wafer support 1only
possesses two lens shapes 2, 4. It is clear that the number of lens shapes on wafer
support 1is not limited. This holds also for the specific dimension and shape of lens

shapes 2,4. The lens shapes present on wafer support can be different from lens
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shape to lens shape. This means that the shape of the lens shapes present on wafer
support does not have to be same for all lens shapes. It is clear that the lens shapes
present on wafer support 1 serve as a kind of a mould for the second liquid polymer
(see Fig 4).

Fig 2 shows a first step of the present method of fabricating a wafer
level optical lens assembly, wherein a first polymer liquid 6, 7, 10 is applied onto the
locations 3 on the surface the wafer support 1, that is between lens shapes 2, 4.
Since Fig 2 is a front view of a wafer 100 comprising a wafer support 1 provided with
a plurality of lens shapes 2, 4 on one side thereof, one will understand that first
polymer liquid 6, 7, 10 will surround each lens shape 2, 4. First polymer liquid 6, 7,
10 can be applied as an array of individual dots of polymer liquid surrounding the
lens shape. According to another embodiment first polymer liquid 6, 7, 10 is applied
as a continuous line of polymer liquid. According to another embodiment first
polymer liquid 6, 7, 10 is applied through a tampon process wherein an imprint or a
punch is brought into contact with polymer liquid and the thus wetted imprint or a
punch is transferred to the wafer support for depositing the polymer liquid onto the
surface of the wafer support at the desired locations.

Fig 3 shows a further step of the present method of fabricating a
wafer level optical lens assembly, wherein a spacer substrate having a plurality of
spacer posts 8 is brought into contact with the wafer 100. The step of contacting the
wafer substrate 100 with the spacer substrate having a plurality of spacer posts 8
results in forcing the first polymer liquid 6,7,10 to flow towards the plurality of lens
shapes 2, 4 arranged side by side. In fact the first polymer liquid 6, 7, 10 will fill the
location 3 between the lens shapes 2, 4. Although Fig 3 shows no interconnecting
structure between spacer posts, it is clear that spacer posts 8 are present on a
spacer substrate. In a preferred embodiment spacer posts 8 are present on a
common, i.e. a joint, spacer substrate. The distance between the contact surface 21
of the spacer posts 8 and the wafer support 1 is such that the area located between
the contact surface of the spacer posts and the wafer support is filled with first
polymer liquid 6, 7, 10. The first polymer liquid will be trapped in the slit thus created
between the first contact surface 21 of the spacer posts and the wafer support, under
capillary forces, and these capillary forces will force the polymer liquid to adapt a
desired shape of the radii 20, 22 at its both ends, that is the position between the

lens shapes 2, 4 and the spacer posts 8. Since Fig 3 is a front view of a wafer 100
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comprising a wafer support 1 provided with a plurality of lens shapes 2, 4 on one
side thereof, one will understand that first polymer liquid 6, 7, 10 will surround each
lens shape 2, 4, and thus the contact surface 21 of the spacer posts 8. Spacer posts
8 will preferably have a shape that is quite similar to the shape of lens shapes 2 4. If,
for example, lens shape 2, 4 is circular, spacer posts 8 will preferably have a circular
shape as well. However, the radius of the circular positioned spacer post 8 will be
larger than the radius of lens shape 2,4 since spacer post 8 must contact the wafer
substrate 100 at locations 3, which locations 3 are located between lens shapes 2, 4
present on wafer support 1. According to another embodiment if lens shape 2, 4 is
circular , spacer posts 8 can be of rectangular shape. Consequently, first polymer
liquid will have a rectangular outer dimension and a circular inner dimension as well.
From Fig 2-3 it is clear that for lens shape 2 the distance between a “left” spacer
post 8 and the right” spacer post 8 (in Fig 3 this is the middle spacer post of a total
of three spacer posts shown) is larger than the width of lens shape 2 itself. The area
formed by the gap between the spacer posts 8 and the outer circumference of lens
shape 2, 4 will be filled with first polymer liquid, and the slit created between the
outer contact surface of spacer post 8 and the surface of wafer support is also filled
with first polymer liquid 6, 7, 10. The first polymer liquid 6, 7, 10 is subsequently
cured by UV and/or by thermal exposure. It is also possible to apply the first polymer
liquid 6, 7, 10 onto the outer ends 21 of the spacer posts 8 only and then contact the
wafer substrate with the spacer substrate. According to another embodiment it is
possible to apply first polymer liquid on both the locations 3 on the surface the wafer
support 1, that is between lens shapes 2, 4, and on the outer ends 21 of the spacer
posts 8.

Fig 4 shows a further step of the present method of fabricating a
wafer level optical lens assembly, wherein a second polymer liquid 9 is applied onto
the plurality of lens shapes of the wafer support 1. The second liquid polymer will fill
the area between the spacer posts, the already cured first polymer and the lens
shapes. In certain embodiments the amount of second liquid polymer is such that the
height formed by the second liquid polymer is higher than the height of the spacer
posts. It is also possible to apply a less amount of second polymer liquid resulting in
a level or height of second polymer being lower than the height of the spacer posts.

In fig 4 there is also shown a flat substrate 11, for example a glass plate, for leveling
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the second polymer. The second polymer liquid is subsequently cured by UV and/or
by thermal exposure and the second polymer thus cured has now a lens function.

Fig 5 shows the assembly 101 of spacer substrate and cured
polymer liquids. One can see that the first polymer is located on the outer ends of
the spacer posts. The outer ends of the spacer posts are covered or embedded by
the first polymer. The first polymer does preferably not cover the optical surface of
the lenses formed by second polymer.

Fig 6 shows single or plural lens carrier systems 102 obtained after
singulating the assembly 101 of spacer substrate and cured polymer liquids as
shown in Fig 5. Wafer level optical integral lens support 102, comprises a support
8 having at least one through hole and at least one lens 9, made from a cured
second polymer, each located within each through hole and embedded therein,
wherein in this embodiment the thickness of each lens 9 being less than a thickness
of the support 8, wherein the outer ends of the support are covered by a cured first
polymer 6, 7, 10.

Fig 7 shows another embodiment of a wafer 103 comprising a wafer
support 1 provided with a plurality of lens shapes 2, 4 on one side thereof. Lens
shapes 2, 4 can posses any shape. Between lens shapes 2, 4 there are locations 3
on the surface the wafer support 1. The outer surface 5 of lens shapes 2, 4 can be
provided with a structure.

Fig 8 shows a first step of the present method of fabricating a wafer
level optical lens assembly, wherein a first polymer liquid 6, 7, 10 is applied onto the
locations 3 on the surface the wafer support 1, that is between lens shapes 2, 4.

Fig 9 is somewhat similar to the afore-mentioned Fig 3 and shows
the situation wherein a spacer substrate having a plurality of spacer posts 8 is
brought into contact with wafer support 1 provided with a plurality of lens shapes 2, 4
on one side thereof. The distance between the contact surface of the spacer posts
and the wafer support is such that the area located between the contact surface of
the spacer posts and the wafer support is filled with first polymer liquid 6, 7, 10. The
first polymer liquid will be trapped in the slit thus created between the first contact
surface 21 of the spacer posts 8 and the wafer support 1, under capillary forces, and
these capillary forces will force the polymer liquid to adapt a desired shape of the
radii 20, 22 at its both ends, that is the position between the lens shapes 2, 4 and the

spacer posts. It is also possible to apply the first polymer liquid 6, 7, 10 onto the
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outer ends of the spacer posts only and then contact the wafer substrate with the
spacer substrate. According to another embodiment it is possible to apply first
polymer liquid on both the locations 3 on the surface the wafer support 1, that is
between lens shapes 2, 4, and on the outer ends of the spacer posts. In all
embodiments disclosed here first polymer liquid is subsequently cured by UV and/or
by thermal exposure.

Fig 10 is somewhat similar to the afore-mentioned Fig 4 and shows
the situation wherein the second liquid polymer 9 is applied and subsequently
leveled with the aid of a flat substrate 11. Second liquid polymer is subsequently
cured by UV and/or by thermal exposure.

Fig 11 shows the application of a third liquid polymer 12 on top of
the already cured second polymer 9. Such a third liquid polymer 12 can be leveled
as well, with a flat substrate 13 for obtaining a flat surface, as shown in Fig 12.

Fig 13 shows the assembly 103 of spacer substrate and cured
polymer liquids. One can see that the first polymer 6,7,10 is located on the outer
ends of the spacer posts 8. The outer ends of the spacer posts 8 are covered or
embedded by the first polymer 6,7,10. The first polymer 6,7,10 does preferably not
cover the optical surface of the lenses formed by second polymer.

Fig 14 shows single or plural lens carrier systems 104 obtained after
singulating the assembly 103 of spacer substrate and cured polymer liquids as
shown in Fig 13. Wafer level optical integral lens support 104, comprises a support
8 having at least one through hole and at least one lens 9, made from a cured
second polymer, each located within each through hole and embedded therein,
wherein in this embodiment the thickness of each lens 9 being less than a thickness
of the support 8, wherein the outer ends of the support are covered by a cured first
polymer 6, 7, 10. Fig 14 also shows the third polymer having a flat surface and
located on top of the second polymer, i.e. lens 9.

Fig 15 shows another embodiment of the present assembly of
spacer substrate and polymer liquids, wherein a glass substrate 14 is positioned on
top of cured third polymer 12.

Fig 16 shows another embodiment of the present assembly of
spacer substrate and polymer liquids, wherein a replicated lens 15 is present on top

of cured third polymer 12.
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Fig 17 shows another embodiment of the present assembly of
spacer substrate and polymer liquids, wherein a glass substrate 14 is positioned on
top of cured second polymer 9. In addition, a replicated lens 15 is present on top of
cured second polymer 9.

Fig 18 shows another embodiment of the wafer level optical integral
lens support 105 comprising a support 8, having at least one through hole and a
concavo convex lens 9, made from a cured second polymer, located within the
through hole and embedded therein. The outer ends of spacer posts 8 are provided
with cured first polymer 6, 7. The specific shape of lens 9 is obtained by using a
mould 25.

Fig 19 shows another embodiment of the wafer level optical integral
lens support 106 comprising a support 8, having at least one through hole and a
concavo convex lens 9, made from a cured second polymer, located within the
through hole and embedded therein. The outer ends of spacer posts 8 are provided
with cured first polymer 6, 7. An integrated structure 16 is a diaphragm.

Fig 20 and 21 show a detailed view of a spacer post or support 8,
provided with cured first polymer 6. The outer end of spacer post or support 8 is
completely embedded by or covered with cured first polymer 6. Due to the narrow slit
between the outer ends of spacer post or support 8 and the locations 3 on the
surface the wafer support 1, between lens shapes 2, 4 (see Figure 3 for example),
the capillary forces will force the first polymer to flow towards the outer peripheral
lens surfaces of the plurality of lenses. The thickness of slit a is preferably less than
the thickness of b. In certain embodiments the thickness of b is preferably less than
the thickness of c. Spacer post 8 has a protruding structure 17 ensuring a correct
height of the slit between the outer ends of spacer posts 8 and the surface of wafer

support 1.
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CONCLUSIES

1. Werkwijze ter vervaardiging van een optische lensconstructie op
waferniveau, omvattende:

het verschaffen van een wafersubstraat voorzien van een aantal naast
elkaar gerangschikte lensvormen,

het verschaffen van een spacersubstraat voorzien van een aantal
spacerpaaltjes;

het aanbrengen van een eerste polymeervioeistof op een specifieke
locatie gekozen uit de groep van posities gelokaliseerd op voornoemd
wafersubstraat tussen voornoemd aantal lensvormen en posities gelokaliseerd op
het contactopperviak van voornoemde spacerpaaltjes, of een combinatie daarvan;

het in contact brengen van voornoemd wafersubstraat met voornoemd
spacersubstraat zodanig dat voornoemde spacerpaaltjies voornoemde eerste
polymeervloeistof dwingen om te stromen in de richting van voornoemd aantal naast
elkaar gerangschikte lensvormen;

het harden van voornoemde eerste polymeervioeistof,

het aanbrengen van een tweede polymeervioeistof op voornoemd
aantal lensvormen van voornoemd wafersubstraat;

het harden van voornoemde tweede polymeervloeistof ter vorming van
een lens.
2. Werkwijze volgens conclusie 1, verder omvattende het aanbrengen van
een derde polymeervioeistof op voornoemde, reeds geharde tweede
polymeervloeistof en het harden van voornoemde derde polymeervloeistof.
3. Werkwijze volgens conclusie 2, verder omvattende het vlak maken van
voornoemde derde polymeervioeistof voordat het harden van voornoemde derde
polymeervloeistof plaatsvindt.
4. Werkwijze volgens een of meer van de conclusies 2 - 3, verder
omvattende het repliceren van een aantal lenzen op het oppervlak van voornoemde,
reeds geharde derde polymeervloeistof.
5. Werkwijze volgens conclusie 4, verder omvattende het positioneren
van een transparant substraat op het oppervlak van voornoemde, reeds geharde
derde polymeervloeistof en het repliceren van een aantal lenzen op voornoemd

transparant substraat.
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6. Werkwijze volgens een of meer van de voorgaande conclusies, waarbij
voornoemde stap van het in contact brengen van voornoemd wafersubstraat met
voornoemd spacersubstraat zodanig wordt uitgevoerd dat voornoemde eerste
polymeervloeistof aanwezig is tussen voornoemde spacerpaaltjes en voornoemd
wafersubstraat.
7. Werkwijze volgens een of meer van de voorgaande conclusies, waarbij
voornoemde stap van het in contact brengen van voornoemd wafersubstraat met
voornoemd spacersubstraat zodanig wordt uitgevoerd dat voornoemde eerste
polymeervloeistof de buitenste, aan de omtrek gelegen lensopperviakken van
voornoemd aantal naast elkaar gerangschikte lensvormen niet bedekt.
8. Werkwijze volgens een of meer van de voorgaande conclusies, verder
omvattende het aanbrengen van een aanvullende structuur op het oppervlak van het
aantal lensvormen van voornoemd wafersubstraat, waarbij voornoemde aanvullende
structuur is gekozen uit de groep van apertuur, diafragma en filter, voordat het
aanbrengen van voornoemde eerste polymeervioeistof en/of voornoemde tweede
polymeervloeistof wordt uitgevoerd.
9. Werkwijze volgens conclusie 8, waarbij de stap van het aanbrengen
van voornoemde aanvullende structuurlaag wordt uitgevoerd door een coatingstap,
een zeefdrukstap, een inkjet-printstap of een stap van 3 D printen.
10. Werkwijze volgens een of meer van de voorgaande conclusies, verder
omvattende het singuleren van de constructie van spacersubstraat en geharde
polymeervloeistoffen in enkelvoudige of meervoudige lensdragersystemen.
11. Werkwijze volgens een of meer van de voorgaande conclusies, waarbij
voornoemd harden wordt uitgevoerd door bestralen met UV en/of door thermische
blootstelling.
12. Waferniveau optische integrale lensdrager, omvattende:

een drager, voorzien van ten minste een doorgaande opening, en

ten minste een lens, vervaardig uit een gehard tweede polymeer, elk
gelokaliseerd binnen elk doorgaande opening en hierin ingebed, waarbij de buitenste
uiteinden van voornoemde drager zijn bedekt door een gehard, eerste polymeer.
13. Waferniveau optisch integrale lensdrager volgens conclusie 12, waarbij
de brekingsindex (n) en Abbe-eigenschappen van voornoemd eerste gehard

polymeer en voornoemd tweede gehard polymeer verschillend zijn.
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14. Waferniveau optische integrale lensdrager volgens een of meer van de
conclusies 12 - 13, waarbij voornoemde drager is vervaardigd uit een licht
afschermend materiaal of een licht absorberend materiaal.

15. Waferniveau optische integrale lensdrager volgens een of meer van de
conclusies 12 - 14, waarbij voornoemde ten minste een lens een aanvullende
structuur, gekozen uit de groep van apertuur, diafragma en filter omvat.

16. Waferniveau optische integrale lensdrager volgens een of meer van de
conclusies 12 - 15, waarbij de vorm van voornoemde ten minste een lens is gekozen
uit de groep van vlak, convex, concaaf, vrije vorm optisch, microfluidisch, refractief,

diffractief, microlens arry en Fresnel.
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1

2.1

Reference is made to the following documents:

D1 US 2013/003199 A1 (JEONG SEUNG MAN [KR] ET AL) 3 januari
2013 (2013-01-03)

D2 US 2011/211105 A1 (YAMADA DAISUKE [JP] ET AL) 1
september 2011 (2011-09-01)

D3 US 2011/222171 A1 (KINTZ GREGORY J [US] ET AL) 15
september 2011 (2011-09-15)

D4 WO 2010/050290 A1 (KONICA MINOLTA OPTO INC [JP]; SAITO
MASASHI [JP]; FUJII YUITI [JP]) 6 mei 2010 (2010-05-06)

The present application does not meet the criteria of patentability, because
the subject-matter of claims 12-16 is not new.

D1 discloses in fig.1-12 and par.23-53:
- a wafer level optical integral lens support (fig.3), comprising:

a support (120), having at least one through hole (par.29 and fig.3) and

at least one lens (110), made from a cured second polymer (par.34), each
located within each through hole and embedded therein, wherein the outer
ends of the support are covered by a cured first polymer (130, par.51-53 and
fig.3);

- the range of index (n) and Abbe properties of the first cured polymer and
the second cured polymer may be equal or different (par.51-53);

- the support is preferably made of a light-shielding material or a light-
absorbing material (par.38);

- in addition, it is preferred that the first polymer also has a light-shielding or
a light-absorbing function (par.38);

- the present wafer level optical integral lens support at least one lens
comprises an additional structure (layer 230 in fig.3) chosen from the group of
aperture, diaphragm and filter;

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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2.2

2.3

- the shape of at least one lens in the present wafer level optical integral lens
support is preferably chosen from the group of flat, convex, concave, freeform
optic, microfluidic, refractive, diffractive, micro lens array and Fresnel (fig.3).

It is further noted that also the lens structure consisting of the elements
210,220,230,240 in fig.3 of D1 is considered as a wafer level optical integral
lens support with the features of claims 12-16.

Thus D1 discloses a wafer level optical integral lens support with all the
features defined in claims 12-16, so that the corresponding subject-matter is
not new.

Moreover, also D2 describes in fig.4-6,13 a wafer level optical integral lens
support similar to D1 and thus appears to at least suggest the subject-matter
of claims 12-16.

The methods with the combination of steps defined in claims 1-11, when
comprising all essential features (see item VIl below), are neither known
from, nor rendered obvious by, the available prior art.

Re |tem VIil

Certain observations on the application

1

Claim 1 is not clear since it is not clear to which combination the passage "of
een combinatie daarvan” in the feature

"het aanbrengen van een eerste polymeervloeistof op een specifieke locatie
gekozen uit de groep van posities gelokaliseerd op voornoemd wafersubstraat
tussen voornoemd aantal lensvormen en posities gelokaliseerd op het
contactopperviak van voornoemde spacerpaaltjes, of een combinatie daarvan” ;
is referring to.

It is clear from the description, page 1, 1st paragraph, page 5 lines 9,10 and
especially page 3 lines 4-9 that the invention sets out to solve the problem of
manufacturing a polymer lens with integrated light blocking sidewalls, and all
embodiments described have such light shielding sidewalls.

Thus the feature of light blocking sidewalls (formed by spacer and first
polymer) is essential to the definition of the invention.

Since each of independent claim 1,12 does not contain this feature it does not
meet the requirement of clarity that any independent claim must contain all the
technical features essential to the definition of the invention.
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